A systematic study of ion-beam mixing of tracer impurities in thin metal 6lms at low temperatures has been conducted. %e have investigated the dependence of ion mixing on two matrix properties: atomic mass and cohesive energy. %e have also studied the dependence of ion mixing on tracer impurity properties: its heat of mixing with the matrix and its thermal difFusivity in the matrix. The matrices investigated were thin Slms of C, Al, Ti, Fe, Ni, Cu, Mo, Ru, Ag, Hf, Ta, %', Pt, and Au. The tracer impurities, Al"Ti, Cr, Mn, Fe, Ni, Cu, Y, Nb"Mo, Ru, Ag, In, Sb, Hf, Ta, %"Pt, Au, and Bi, were deposited as & 15 A layers near the midplanes of the specimens. All the tracer and matrix elements, except C, were deposited sequentially, without breaking vacuum.
In the last few years, several diffusion mechanisms have been espoused to explain ion-beam mixing (which we denote here as IM). Initially, IM was thought to be due to energetic collisional processes, i.e. , collisional mixing.
Various theoretical models, both analytic and computer simulation, were derived on this premise.
it was demonstrated that IM in bilayer systems which had very similar physical properties but difFerent chernical properties had very difFerent IM characteristics. These latter experiments involved systems for which there was a large heat of mixing, either negative' or positive, ' ' between atoms comprising the bilayer material. (12) where N and [s] are the atomic number density and the stopping-cross-section factor of the matrix, respectively.
The efFective difFusion coefficient for IM was then obtained by use of Eq. (3) .
IV. RESULTS
Typical backscattering spectra acquired before and after Kr irradiation at 6 K are sho~n in Fig. 1 Tables II and III; they are graphically shown in Fig. 4 IM depends on the physical properties of the target. Values of the mixing efficiency increase as the energy densities in the cascades increase and as the cohesive energies of the matrices decrease. These effects are ronounced; the mixing eSciency varies from =5 A /eV for Ti to =100 A /eV for Au. IM also depends on the type of marker in the matrix. In Cu, the mixing eNIciency scales with the tracer impurity diffusion coeScient of the marker The v. ariation of the mixing eSciency with the type of marker within a matrix is less pronounced than its variation with the type of matrix. In most matrices, the variation is less than a factor of =2-3. No apparent correlation exists between IM and the heat of mixing or the relative atomic masses of the marker and matrix.
The absence of a signiffcant inffuence of the heat of mixing (Fig. 4) 
